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Introduction
The permanent variation of the stream water level is an important site factor for plant growth in riparian forests (Singer et al. 2013 (Singer et al. , 2014 . Streamflow causes sedimentation and erosion of organic and inorganic compounds, minerals and soil, and, thus, is a source of fertilization (Gregory et al. 1991 , Osei et al. 2015 . As a consequence, riparian forests are characterized by nutrient-rich soils (Gregory et al. 1991 , Bravo & Hill 2012 . In contrast, flood and high streamflow are also stress factors for plants, resulting in waterlogging and physical damage (Ballesteros et al. 2010 , Tardif et al. 2010 , Diez-Herrero et al. 2013 .
Flood tolerance varies widely among plant growth forms and also among riparian forest species. Flood tolerance is associated with both morphological and physiological adaptations. Morphological adaptations, especially of trees, include hypertrophied lenticels, aerenchyma tissues and adventitious roots to increase the uptake of oxygen (for a review see Glenz et al. 2006 ).
Additionally, flooding tolerance depends on the developmental stage of trees and shrubs. Adult trees tolerate flooding better than saplings and seedlings (Vreugdenhil et al. 2006 , Kramer et al. 2008 , Hauschild & Hein 2009 ). For instance, experimental stem flooding of four-year-old Quercus robur L. saplings inhibited earlywood vessel development in flooded stem parts (Copini et al. 2016) . After four weeks, flooded saplings showed a significant root dieback and mean radial growth was reduced.
Flooding and water retention are causing anoxic conditions in plant roots. Under anoxic conditions, alcoholic fermentation takes place and toxic amounts of ethanol are produced in the roots (Kreuzwieser et al. 2004) . Tree species can prevent the accumulation of toxic ethanol in roots by transporting root-derived ethanol to the shoots and leaves via the transpiration stream. This phenomenon has not been reported in herbaceous species and might be a tree-specific trait involved in flooding tolerance (Kreuzwieser et al. 2004) . Bourtsou-Heklau H et al. -iForest 12: 226-236 kidis et al. (2014) confirmed in an experiment that most volatile organic compounds (for instance ethanol, methanol, acetaldehyde) increased with flooding. However, the volatile organic compound emission behaviour and photosynthetic quantum yield showed that seedlings of Quercus robur, a flood-resistant species, tolerated flooding much better than those of Prunus serotina Ehrh., a species not typical of floodplain forests. Hence, the tolerance to flooding seems to be highly species-specific (Ferner et al. 2012 , Kreuzwieser & Rennenberg 2014 . Ferner et al. (2012) showed that Q. robur maintained or increased root carbohydrate levels during flooding in order to maintain energy metabolism, while Fagus sylvatica L., a floodsensitive species, depleted carbohydrates with negative consequences for energy-demanding processes.
The species' responses also strongly depend on the time within the year when flooding occurs. Chhin et al. (2013) analysed the wood growth of Pinus strobus L. along the banks of the Red Cedar River in Michigan (USA). Growth was favoured through high water levels during summer, while flooding in early winter resulted in reduced growth (Chhin et al. 2013) . Likewise, in a riparian forest of Slovenia with a subpannonian continental climate, Quercus robur displayed a positive relationship of tree-ring width and latewood width with the amount of summer but not winter flow (Gričar et al. 2013) .
A major difficulty in studying flooding responses is that tree growth also strongly depends on site conditions and micro-or macro-climate. Fritts (2001) reported that the effects of many factors are often cumulative. Hence, growth responses to climate can vary with or might even be masked by the water level (or vice versa).
For instance, in the study by Dudek et al. (1998) a negative effect of June temperature on growth of Juglans nigra L. was only detected at an elevated site, but not at a site close to the river. Also Chhin et al. (2013) found that the negative effect of flooding in winter was more pronounced in floodway compared to terrace sites, but that summer moisture stress lasted longer into later summer at terrace sites. Such interactions between flooding and climate are particularly relevant in drought-prone areas. However, in Central Europe field observations of adult tree and shrub species have been carried out mainly on the large rivers Rhine, Elbe, Danube, Oder and Rhô-ne (see references in Glenz et al. 2006) , with a focus on the effects of flooding and much less attention to the interaction between effects of flooding and climate, especially drought. Over one third of the global land surface is predicted to experience climatic conditions without historical analogues by 2100 (Babst et al. 2017) . In Central Europe, there is not only a general trend towards drier summer conditions but also to more frequent severe flooding events (Christensen & Christensen 2003) . Tumajer & Treml (2016) showed for Quercus robur at Elbe River that wood growth of typical floodplain forest species is highly drought limited outside the floodplain. In the drought year 1976 they found the most abrupt reduction in tree-ring width of trees outside the floodplain and a significantly weaker negative response of trees within floodplain forests, because of sufficient water availability. Mikac et al. (2018) reported that Q. robur has physiological flexibility to adapt to drought events with declining levels of groundwater in floodplain forests. In contrast, Fraxinus angustifolia Vahl was more sensitive in its response to drought in the floodplain forests in Southeastern Europe than Q. robur (Mikac et al. 2018) .
In our study we aim to disentangle the interacting effects of maximum stream water levels and climate on tree growth in floodplain forests. We chose the Saale River in the Halle region in Central Germany, which is located in a drought prone area (see Appendix 1 in Supplementary material for local references). Species-rich near-natural floodplain forests are growing on several islands in the Saale River and were given a nature protection status (see Appendix 1). We were particularly interested in the effects of the extraordinary flood of the Saale River in June 2013 and of the severe summer drought and heat in 1976 on wood growth of typical (Fraxinus excelsior L., Quercus robur) and less habitat-specific (Acer pseudoplatanus L., Carpinus betulus L.) tree species in the floodplain forest.
Following the great Rhine flood of June 1999, Hauschild & Hein (2009) examined the mortality risk for F. excelsior and found high threshold values in flooding duration and flooding depth for this species. Younger ash with 15 cm diameter at chest height showed mortality at the earliest after 41 days of flooding. The prognoses of Hauschild & Hein (2009) explained that the risk of mortality of ash is very low at a flooding duration under 30 days. According to the flooding tolerance classes of Glenz et al. (2006) , A. pseudoplatanus belongs to the group with the lowest flooding tolerance and suffers from flooding. The study of Kramer et al. (2008) showed a significant increase in mortality of A. pseudoplatanus with increasing duration of the flooding. The model proposed by Hauschild & Hein (2009) predicts for younger A. pseudoplatanus trees with a 10 cm diameter at chest height mortality after 15 days of flooding and a flooding depth of 200 cm. In the classification of Glenz et al. (2006) C. betulus belongs to the group between A. pseudoplatanus and the two more flood-tolerant species (F. excelsior and Q. robur) .
In our study, we tested the following hypotheses: (i) for all studied species, maximum monthly water level of the river has a stronger influence on wood growth than macroclimatic factors, such as monthly temperature and precipitation; (ii) for all studied species, maximum monthly water level has a negative effect on wood growth; (iii) typical floodplain tree species (F. excelsior and Q. robur) are more tolerant to extreme flooding events than less habitat-specific species (A. pseudoplatanus and C. betulus). On the contrary, typical floodplain tree species show higher sensitivity to extreme drought years.
Material and methods

Study sites
The Saale River has a catchment basin of 23,719 km² (see Appendix 1 for local references), a length of 413 km and originates in the Bavarian Fichtelgebirge (728 m a.s.l.). It iForest 12: 226-236 
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flows through Upper Franconia (Bavaria), Thuringia and Saxony-Anhalt and finally joins the Elbe River close to the town Barby. The study was conducted on three islands in the area of the town of Halle (Fig.  1) (Fig. 1 ). In the northern area of this island, a nature reserve (11.6 ha) harbours a near-natural floodplain forest with some less-typical tree and shrub species, e.g., C. betulus L. and Acer campestre L. All samples from Peißnitz Island were taken within the nature reserve. The third Saale island "Forstwerder" (Fig. 1) is in the north of Halle, approximately 1.8 km downstream from "Peißnitz Island" (51° 30′ 55″ N, 11° 57′ 10″ E). Its area of eight hectares is enclosed from navigable Saale and a small millstream. Parallel to the millstream, the lock ship canal "Halle (Trotha)" is running (Fig. 1) Fig. S1 in Supplementary material for inter-and intra-annual variation of monthly mean temperature and monthly precipitation sums). The summer drought and heat wave in 1976 was most severe in wide parts of Europe, which is also reflected in an annual precipitation of 287.3 mm for our study site.
The water level data for the Saale River were available for the lock in Halle (Trotha) for the years 1960 to 2015 (provided by the Department of Water and Navigation, Magdeburg). The water level data from 1945 to 1959 were extracted from the periodical Deutsches Gewässerkundliches Jahrbuch (see Appendix 1 and Fig. S1 for inter-and intra-annual variation of monthly maximum water level). We used the maximum water depths of each month measured at the lock exit downstream (hereafter "water level"). Frequency and duration of flooding and flooding depth of the Saale River in Halle are commonly moderate. However, in June 2013, in the lowland area around the town of Halle, large parts of the riparian meadows and floodplain forests were totally flooded during two or more weeks. On 5 th of June 2013 the water level of the Saale River reached 816 cm at the lock of Halle (Trotha), compared to the normal water level of around 200 cm. Since the year 1500 only three floods were higher in the entire history of the town -with a water level of >1000 cm (in March 1595, February 1799 and November 1890; see Appendix S1 in Supplementary material for local references). In the period from 1945 to 2018, the Saale River had the highest annual water level in Halle most often in spring (March, April) or in winter (January, February - Fig.  2, Fig. 3 ). The month of June only ranked fifth with respect to highest annual water level during the period 1945-2018.
Studied species and field sampling
For our study, we chose two typical floodplain forest species (Fraxinus excelsior and Quercus robur, both ring-porous) and two less habitat-specific species (Acer pseudoplatanus and Carpinus betulus, both diffuseporous). F. excelsior prefers damp and base-rich soils and is typical for floodplain forests in Central Europe (see Appendix 1). Q. robur tolerates waterlogging and is also a typical hardwood tree in the floodplain forests of Central Europe. Q. robur has a different root system than F. excelsior. Sán-chez-Pérez et al. (2008) showed that the roots of Q. robur occupied the soil to a depth of 1-4 m. In comparison to F. excelsior, the root density of Q. robur was five times higher (Sánchez-Pérez et al. 2008) . The highest root density of Q. robur was at a depth of 20 to 60 cm, whereas the roots of F. excelsior were mainly restricted to the surface horizon between 0 and 30 cm (Sán-chez-Pérez et al. 2008) . Rooting more superficially may be an advantage of F. excelsior over Q. robur with regard to extreme waterlogging stress.
The less flood-tolerant A. pseudoplatanus occurs in the sub-oceanic and temperate regions in Europe and in the mountains of iForest 12: 226-236 Heklau South and Southeast Europe. Usually, this tree species avoids habitats with waterlogging in soils and periodic flooding. C. betulus occurs in temperate Central Europe and in the more continental parts of East and Southeast Europe. The species prefers warm habitats with periodically moist soils that are rich in nutrients.
From November 2013 to November 2016, we sampled tree cores from the four study species on the three islands in the Saale River described above. However, since the two less habitat-specific species (A. pseudoplatanus and C. betulus) occurred only sporadically, they could be sampled only on Raven Island (A. pseudoplatanus) or on Raven Island and Peißnitz Island (C. betulus -Tab. 1). Most cores were taken at randomly chosen coordinates. Only in the case of C. betulus on Raven Island, the number of tree individuals was limited and trees clustered in the northern part of the island. All tree cores were taken at chest height (ca. 1.30 m), by using the increment borers Djos, Sweden (40 cm) and Suunto, Finland (30 cm). The number of tree-rings of all sampled trees for the species studied is listed in Tab. 1.
Tree-ring measurement and crossdating
All tree cores were mounted and sanded up to grit 400 using a grinding machine. Tree-ring widths were measured up to 0.01 mm with a LINTAB 6 ® measuring table (Rinntech, Heidelberg, Germany), equipped with a binocular Stemi 2000 ® (Zeiss, Oberkochen, Germany) and connected to the program TSAP-Win ® Professional v. 4.69b (Rinntech). Samples were cross-dated visually. The quality of cross-dating was checked with the software COFECHA v. 6.6 (Holmes 1983) . Wood cores that could not be crossdated were excluded from the statistical analyses. Altogether, we examined 49 tree cores of F. excelsior, 37 of Q. robur, 8 of A. pseudoplatanus and 10 of C. betulus (Tab. 1). The reason for the poor cross-dating is likely to result from the large variability of the individual trees due to different micro-site conditions in floodplain forests (Tumajer & Treml 2017) . Additionally, there were problems with visibility of tree-ring boundaries for C. betulus and A. pseudoplatanus.
Tree-ring analysis
The data from the tree-ring widths were analysed using the program ARSTAN v. 44 (Cook 1985) . It produces chronologies from tree-ring measurement series (i.e., each core results in one series) by detrending and standardizing the series. Detrending was performed by fitting cubic smoothing splines with 50% frequency cut-off at 32 years for each series to remove biological age trends. The annual increments measured in each core were then divided by the trend curve values to produce dimensionless ring-width index curves. Autocorrelation was removed by autoregressive modelling. Chronologies were built by averaging the series using a bi-weight robust mean which gives less weight to extreme values caused by other influences (Cook 1985) . We used the ARSTAN chronology, which is the method that contains the strongest environmental signal possible (Cook 1985) . For every species we obtained one chronology per site per sampling (three sites for F. excelsior, Q. robur, two sites for C. betulus -Raven Island and Peißnitz Island -and one site for A. pseudoplatanus -Raven Island) with dimensionless tree-ring widths for all years. Wigley et al. (1984) developed a theory to answer the question, how well a given N-series chronology estimates the population chronology, by introducing the EPS (Expressed population signal). In the best climate reconstruction based on the tree-ring width, the variance explained by climate is of order 50%. While many authors claim that EPS values above 0.85 are required for a satisfactory chronology, the original paper of Wigley et al. (1984) mentioned this value only as an example. EPS values of e.g. 0.75 still represent chronologies which reduce the "ideal" climate correlations by only 25%. Wigley et al. (1984) also underline that in any particular case the chosen EPS threshold will depend on the user's subjective 
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Responses of wood growth to flooding and climate evaluation of accuracy needs. Since in our case both mean pairwise sample correlations as well as sample size are rather small, EPS values above 0.75 still indicate a sufficient quality of the chronology (Tab. 1). However, due to the lower inter-series correlation of tree cores for C. betulus, which as a less habitat-specific species for floodplain forests had only a scattered occurrence in the study sites, we did not calculate EPS values. The species was excluded from all analyses using the standardized values of the ARSTAN chronology, and we only used the dimensionless tree-ring width index values of the individual cores to test the third hypothesis.
Data analyses
All statistical analyses were done using R (R Core Team 2018). To determine for each species the joint and exclusive amount of variation in tree-ring width explained by water level, temperature and precipitation, we subjected 36 predictor variables to variance partitioning, using the "varpart" function of the "vegan" package (Oksanen et al. 2018) . The predictors were mean monthly temperatures, monthly sums of precipitation and monthly maximum water levels, averaged over the period 1945 to 2016 for F. excelsior and Q. robur, and 1960 to 2015 for A. pseudoplatanus. Time periods differed because of the different numbers of tree-rings of the species studied (Tab. 1). Since cambial activity and thus tree-ring formation finishes in autumn, we used the monthly values from the current year only for January to September and the monthly values for October to December from the previous year.
Using linear mixed-effects models (lmer function in the "lmerTest" package, Kuznetsova et al. As a second step, for each species, we used all 36 predictor variables simultaneously in a multiple regression framework to identify the most parsimonious model. Since tree-ring width of the previous year might influence tree growth in the current year, we added the ARSTAN value of the previous year. Site was again included as random factor, except for A. pseudoplatanus. We used the step function for backward elimination of non-significant variables. We further simplified the model until we found the three models with the lowest AIC (Akaike's Information Criterion).
To quantify the tree-ring width response to episodic stress we calculated the values for resistance, recovery and resilience. As stress events we selected the extraordinary flooding in 2013 and the extraordinary drought in 1976. To define and calculate resistance, recovery and resilience we used the approach of Lloret et al. (2011) and Pretzsch et al. (2013) . PreSTR is the mean wood growth in the two years before the stress event, STR is wood growth in the year of the stress event, and PostSTR is the mean wood growth in the two years after the stress event. Resistance = STR / Pre-STR, corresponding to the ratio of mean wood growth in the drought year 1976 to mean growth during the pre-drought period (1974) (1975) as well as in the flood year 2013 to the pre-flood period (2011) (2012) . Recovery = PostSTR / STR, corresponding in our study to the ratio of the mean postdrought wood growth (1977) (1978) to mean growth during the drought year 1976, and to the ratio of mean post-flood wood growth (2014) (2015) to mean wood growth during to the flood year 2013. Resilience = PostSTR / PreSTR, corresponding to the ratio between the mean wood growth after and before the stress event. For the calculations, we used the dimensionless treering width index values of individual trees (i.e., each core results in one series), and thus we included also the species C. betulus. Only tree cores that covered both 1974-1978 (drought analysis) and 2011-2015 (flood analysis) were included in the analysis.
Results
Based on the chronologies from 1945 to 2016 (F. excelsior and Q. robur) and from 1960 to 2015 (A. pseudoplatanus) the treering width for the flood year 2013 ranked highest in F. excelsior, while this year ranked 6 th for A. pseudoplatanus and 27 th for Q. robur (Fig. 4, Tab. 2).
Variance partitioning
The results of variance partitioning show- ed differences between the typical (Q. robur, F. excelsior - Fig. 5a, Fig. 5b ) and less habitat-specific (A. pseudoplatanus - Fig.  5c ) tree species of the floodplain forests. In none of the study species, water level alone explained more variation than either temperature or precipitation. Although water level exclusively explained 4.1% and 10.7% of variation in tree-ring growth in the typical floodplain forest species F. excelsior and Q. robur, precipitation was a more important predictor in these two species, accounting for each 8% and 19.7% exclusively explained variation. In total, these two moisture-related variables explained 18.1% (F. excelsior) and 32.2% (Q. robur) of variation in tree-ring growth, while temperature explained only 5.7% (F. excelsior) and 9.4% (Q. robur). The results of variance partitioning of the less-typical species of floodplain forests A. pseudoplatanus had similarities with that of Q. robur. The variance explained by precipitation (12.1%) was larger than the variance explained by water level (10.4%) and both were larger than variance explained by temperature (2.5% - Fig. 5c ).
Linear regressions and most parsimonious models
F. excelsior and Q. robur were the species for which the values of ARSTAN chronologies of tree-ring widths showed significant correlations with all three variable groups (temperature, precipitation and water level -Tab. 3a, Tab. 3b). For A. pseudoplatanus, there was no correlation of relative treering widths with monthly precipitation and water level (Tab. 3c). The significant correlations between tree-ring width and monthly mean temperatures were mostly negative, with the exception of F. excelsior and December temperature of the previous year. Contrarily, significant correlations with water level and precipitation were in all cases positive (Tab. 3).
For F. excelsior and Q. robur, the best models (lowest AIC) were dominated by precipitation variables (May and July precipitation for F. excelsior, and March and June precipitation for Q. robur -Tab. 4). For Q. robur, but also for A. pseudoplatanus, tree-ring width of the previous year was included in the best models. For F. excelsior and A. pseudoplatanus also temperature variables were represented in the best models (June and September, respectively).
Wood growth in the immediate aftermath of stress events
Tree-ring width reaction to flooding in 2013
In the short-period analysis of tree-ring widths from 2011 to 2015, the resistance value of three species studied (F. excelsior, A. pseudoplatanus and C. betulus) was higher than one. This means, that the mean index value of tree-ring width in the flood year 2013 was higher than in the two years before (Tab. 5a), indicating a positive ef- Tab. 3 -Results of the linear mixed-effects models to explain tree-ring widths of (a) Fraxinus excelsior, (b) Quercus robur and (c) Acer pseudoplatanus with 36 different environmental variables (monthly values of mean temperature, °C; monthly sum of precipitation, mm; monthly maximum water level, cm). Please note, the values of climatic parameter and water level for October, November and December are the values of the respective previous year (Oct-1, Nov-1, Dec-1). In all models numerator degrees of freedom was 1. Tab. 4 -Most parsimonious models resulting from backward simplification of multiple regression models using linear mixed-effects models to explain the values of tree-ring width with 36 environmental variables (monthly values of mean temperature, monthly sum of precipitation, and monthly maximum water level) and the relative wood growth of the previous year for each species studied. Please note, the values of climatic parameter and water level for October, November and December are the values of the respective previous year. (Ars-1): relative tree-ring width of the previous year; (PR): precipitation; (T): temperature; (AIC): Akaike's Information Criterion. fect of the flood 2013 on wood growth. For Q. robur, the resistance value was close to one. Thus, the mean index value of treering width of Q. robur was only slightly lower in the flood year than in the two years before. F. excelsior showed the greatest increase in tree-ring width. All recovery values were smaller than 1, because treering width after the flood event 2013 decreased again, reflecting the positive effect of high water levels in 2013. The resilience value was also lower than one for all studied species, which means, two years after the flood event all species studied had smaller tree-ring widths compared to the years 2011-2012 (Tab. 5a).
Species Predictor variables Estimate p-value AIC
Fraxinus excelsior
Tree-ring width reaction to drought stress in 1976
Each species studied responded differently to the drought year 1976. While the resistance value for C. betulus was higher than one and thus reflected an increase of mean tree-ring width from the pre-drought to the drought period, all other species showed smaller mean tree-ring width indices in the drought year (resistance value <1 -Tab. 5b). The resistance value of A. pseudoplatanus was the lowest of all species, indicating that this species reacted most sensitive to drought. However, A. pseudoplatanus also showed the greatest recovery. The resilience values, indicating the capacity to reach pre-stress wood growth, were higher than 1 for F. excelsior, Q. robur and C. betulus, and only smaller than one for A. pseudoplatanus. This means, with the exception of A. pseudoplatanus, a full recovery or even an increase in mean wood growth after the episodic drought in 1976.
Discussion
In our study of tree species occurring in the floodplain forest at the Saale River, we found that maximum water level of the river was not the dominant factor for tree growth. Instead, and contrary to our first hypothesis, temperature and precipitation, but also tree-ring width of the previous year acted as the main drivers for tree growth.
Nevertheless, we found tree growth responses to the river's maximum water level, and taken together, water availability (represented by monthly precipitation sums and water levels) accounted for a higher amount of variation in tree-ring width compared to mean monthly temperatures. This might partly be explained by the consistent correlation between precipitation and water level of the following month ( Fig. 3 -see Fig. S2 in Supplementary material for correlations between the monthly maximum water level and the precipitation sum of each previous month). Also Koprowski et al. (2018) concluded from their study in the floodplains of Warta River (Central Poland) that site humidity is the most important driver for tree growth. Our best models for relative tree-ring growth of F. excelsior and Q. robur contained the positive effects of precipitation in May and July, and March and June, respectively. Similarly, Koprowski et al. (2018) found that especially June precipitation had a positive effect on tree-ring width of F. excelsior. The positive correlation for Q. robur between tree-ring widths and June precipitation was found not only in floodplain forests (Cater & Levanič 2015 , Netsvetov et al. 2018 , but also in other habitats across its natural range (Rozas 2005 , García-Suárez et al. 2009 , Friedrichs et al. 2009 , Matisons & Brumelis 2012 .
F. excelsior responded negatively to June temperature, which was also reported by Koprowski et al. (2018) , and goes in line with the general assumption that the species is only moderately tolerant to high temperatures (Leuschner & Ellenberg 2017 , Koprowski et al. 2018 . A. pseudoplatanus responded sensitively and negatively to higher temperatures for September. This corresponds to the finding of Walentowski et al. (2017) that under future climate change scenarios, A. pseudoplatanus will be among the first common forest species reaching their climatic threshold.
In our study, we could also show that additionally the previous years' tree-ring width is important for wood growth of Q. robur and A. pseudoplatanus in the current year. This is likely to be associated with wood characteristics of these species; specifically, Q. robur has conspicuous wide rays in the cross section with a high amount of storage tissue and additionally apotracheal parenchyma in latewood (Schweingruber et al. 2011) . This allows the species to store carbohydrates at the end of a year, which favour growth in the following season.
Across our species studied, we did not find any negative response to water level, neither to the extraordinary flood in 2013 nor to monthly maximum water levels in the period of 1945-2016. On the contrary, in all cases where water level had a significant effect on tree-ring growth, this was a positive one. Moreover, the relative treering width of F. excelsior had the highest value in the year 2013 and the second highest value in the year 1949, when also the maximum water level was reached in June. Also the mean growth of A. pseudoplatanus was higher in the year of flood than in the two preceding and the two following years, respectively. Q. robur showed only a minor response to the flood event in 2013 and to maximum water level in general, which goes in line with the results from Tumajer & Treml (2016) who did not observe any direct response in wood growth and wood anatomy of Q. robur to flood events in floodplain forests of the Elbe River (Czech Republic). Thus, we must reject our second hypothesis that flooding has a negative effect on tree growth.
In accordance with our findings, Doffo et al. (2017) did not find a negative effect of six weeks of flooding on Salix seedlings, and study plants did not reduce growth compared to control plants without flooding treatment. Also Koprowski et al. (2018) reported positive effects of maximum river flow on the growth of F. excelsior.
Effects of flooding strongly depend on the duration of flooding, flood depth, time of flooding, frequency of flooding and the quality of floodwater (Glenz et al. 2006) . The flooding duration in the study area in June 2013 (ca. 14 days) was below the criti-
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Tab. 5 -Calculation of resistance, recovery and resilience for (a) the flood event 2013 (FL) and (b) the dry vegetation period in 1976 (DR). Calculations were based on dimensionless tree-ring widths (index values separately for each wood core In contrast to our expectation, we could not confirm that the typical floodplain species F. excelsior and Q. robur are more tolerant to extreme flooding events than the less habitat-specific species. Surprisingly, we found differences between the two more flood-tolerant species. The biological characteristics of F. excelsior, e.g., the degree of physiological adaptations to waterlogging stress, the shallow root system and the relatively low root density (Sánchez-Pérez et al. 2008 , Singer et al. 2014 ) support the idea that this species is flood-tolerant and able to resist anoxia. However, Q. robur is also considered floodtolerant but benefited much less from higher water levels in 2013. This is recognizable in the long-term chronology of wood growth. The tree-ring width of Q. robur ranked only 27 th in the chronology from 1945 to 2016. These different responses might result from the fact that Q. robur has a deeper root system compared to F. excelsior (Sánchez-Pérez et al. 2008) . Relatively high precipitation in spring and early summer in 2013 (particularly in May with 124.6 mm) in addition to the flooding in June 2013 were probably too moist for Q. robur. Due to the long-lasting deprivation of oxygen in the rhizosphere that reduced photosynthetic rates and induced carbon starvation (Rozas & Garcia-González 2012) , the degree of flood-adaptation of Q. robur was not enough to overcome the anaerobic stress. Likewise, Mikac et al. (2018) concluded that Q. robur and F. angustifolia in floodplain forests of the Sava River (Croatia, Southeast Europe) differ in their sensitivity to climate and hydrological parameters to which F. angustifolia was more sensitive. In our study, we could not detect a conspicuous difference in the response to drought between typical and less habitatspecific floodplain species. C. betulus individuals did not suffer from the extreme drought in 1976, while the other three species studied reduced their growth. Given the short time period included in the analysis, this result is difficult to explain despite the thermophilic character of this species. Possibly, C. betulus benefited from warm temperatures in September 1975 and its early burst of buds in spring. Together with the missing negative effect of flood events on tree growth as described above, this highlights again the potential of C. betulus to become more frequent in usually moist habitats under climate change (Janik et al. 2016) . In the more continental part of Central Europe, C. betulus is mainly distributed in clusters at alluvial sites and prefers places with lower flooding intensity and duration, i.e., sites with higher elevation inside the riparian forests (Janik et al. 2011) , which might at the micro-scale also be true for our study sites.
However, consistently with our results for Q. robur, F. excelsior and A. pseudoplatanus, Allen et al. (2016) found that drought is an important controlling factor for tree growth, even in humid floodplains. In the two years after the drought in 1976 only the wood growth of A. pseudoplatanus was still reduced compared to the two years before the drought event, while F. excelsior and Q. robur fully recovered. We therefore hypothesize that stream water level and precipitation might mitigate drought effects, so that even drought-sensitive tree species (in our study the more hydrophilic species F. excelsior) did not strongly suffer from the severe drought 1976. For Q. robur, Tumajer & Treml (2016) could show this effect of drought limitation in the comparison of tree-ring widths between trees in floodplain forests and on reference sites outside the flood area. This goes also in line with the results of an experiment conducted by Doffo et al. (2017) , who found for two Salix clones that a drought period followed by one of flooding was less stressful than the opposite situation.
Conclusion
With our study that included typical and less-typical species of floodplain forests, we contributed to a more general understanding of the effects of extreme flooding and drought events, and on the combined effects of maximum water levels and climate conditions on tree growth. The wood growth of adult individuals of hardwood species in the studied floodplain forests at the Saale River in Central Germany was mostly influenced by moisture conditions (precipitation and water levels), and to a smaller extent by temperature. However, we found no dominant impact of water levels alone. Contrary to our expectations, monthly maximum water levels as well as an extraordinary flooding in June 2013 positively affected wood growth of typical as well as of less-typical adult tree species. Overall, water level affected tree-ring widths of different tree species differently, with no obvious differences between the putative flood-tolerant and flood-sensitive species. This might be attributed to the local continental climate and the moderate flooding regime of Saale River that support the colonization and the relatively undisturbed development of less habitat-specific species in the riparian forest. Hence, a moderate flooding regime might also be related to higher soil water saturation during or after drought periods and might thus stabilize floodplain forests even under climate change. However, the predicted reduction of regular flooding throughout the year in favour of an increase of extraordinary floods could threaten especially the existence of the typical floodplain species F. excelsior in riparian forests under the relatively continental climate of this region.
Supplementary Material
Appendix 1 -References with local content and information about climate (temperature and precipitation) of the study region and water level of the Saale River. Fig. S1 -Inter-and intra-annual variation of monthly maximum water level, monthly mean temperature and monthly precipitation sums. 
